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Supplementary Material and Methods  

Immunohematology 

Blood group serology was done with conventional tube method, as described previously.9-11 The study was 
prospective observational, as the blood donors were tested at the time of their blood donation during the 18 mon-
ths’ study period.  

Blood Group Test Reagents 

The antisera were anti-A (clone no. 11H5), anti-B (clone no. 6F9), anti-A,B (clones 11H5 and 6F9), anti-D (clo-
ne P3×61; all monoclonal antibodies); and anti-H (Ulex europaeus lectin, all from Tulip Diagnostics, Goa, India); as 
well as anti-C (clone MS-24), anti-E (clone MS-260), anti-c (clone MS-33), anti-e (clones MS-16, MS-21, and MS-63), 
anti-K (clone MS-56; all human monoclonal antibodies), and anti-k (human polyclonal antibody, lot no. 10640.4310 
and 10640.4440; all from DiaMed/Bio-Rad, Cressier-sur Murat, Switzerland).  

Confirmation of D Negative Phenotype 

All samples that tested D negative were confirmed by a weak D test using anti-D (clone MCAD6, IgG; Tulip Di-
agnostics) and a polyspecific antiglobulin reagent (anti-human globulin and anti-C3d; DiaMed/BioRad) in tube 
technique. A reaction of 1+ to 4+ agglutination strength was recorded as positive for the serologic weak D pheno-
type. This approach is widely applied as standard operating procedure in blood banks worldwide.12 In the absence 
of macroscopic agglutination in the tube, we checked for a positive reaction microscopically. No sample among the 
52 D negative donors was weak D or microscopically positive.  

Confirmation of K Negative Phenotype 

We assumed a kk phenotype (table 1), if the anti-K reacted negative (no test with anti-k). If a sample reacted 
positive with the anti-K, we tested with anti-k to distinguish the KK and Kk phenotypes. This approach is widely 
applied as standard operating procedure in blood banks worldwide. 
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Supplemental fig. 1. Estimates for RH haplotypes. The iteration steps and results are shown for the counting 
method.  
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Alternative Method for Calculation of Allele Frequencies  

ABO Phenotypes and Allele Frequencies  

We observed the ABO antigens as B = 33.77%, O = 32.07%, A = 25.13% and AB = 9.03%.  
Using an iterative method to determine maximum-likelihood estimates, the ABO allele frequencies were calcu-

lated as O = 0.566, A = 0.189, B = 0.244 (Table 1).  
Alternatively, the allele frequencies are often calculated by the following method:16  

The ABO system is determined by 3 alleles (A, B and O) of a single gene. A and B are co-dominant, and both are 
dominant over O. The alleles in the population are in a Hardy-Weinberg equilibrium.  

Frequency of A allele (FA) = X  
Frequency of B allele (FB) = Y  
Frequency of O allele (FO) = Z  
Calculation of O allele frequency (Z)  
Z2= Prevalence O phenotype = 0.3207  
Z= √Z= √0.3207  
Z=0.567  
Calculation of A allele frequency (X)  
X2 +2ZX+Z2 = (Z+X)2  

Z+X = √(X2+2XZ+Z2)  
X= √(X2+2XZ+Z2)-Z  
Assuming the alleles are in a Hardy-Weinberg equilibrium, we may conclude:  
AA = X2 AO = 2ZX OO = Z2  

Prevalence of A antigen = X2+2ZX=0.2513  
X= √(0.2513+0.3207)-0.5663  
X=√0.572-0.5663  
X=0.7563-0.5663  
X=0.19  
Calculation of B allele frequency (Y)  
X+Y+Z=1  
Y=1-(X+Z)  
Y=1-(0.19+0.5663)  
Y=1-0.7563  
Y=0.2437  
Then, the genotype distribution in the study population is calculated:  
AA = X2 = 0.04 AO = 2XZ = 0.22 BB = Y2 = 0.06  
BO = 2YZ = 0.28 AB = 2XY = 0.09 OO = Z2 = 0.32  

Kell Phenotypes and Allele Frequencies  

We observed the KEL antigens as K = 0.79% (n = 12) and k = 99.21%.  
Using an iterative method to determine maximum-likelihood estimates, the KEL allele frequencies were calcu-

lated as K = 0.004 and k = 0.996 (Table 1).  
Alternatively, the allele frequency are often calculated by the following method:16  
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The KEL system is determined by 2 alleles (K and k) of a single gene. K and k are co-dominant. The alleles in 
the population are in a Hardy-Weinberg equilibrium.  

Frequency of K allele = A  
Frequency of k allele = B  
Frequency of KK genotype =A2  

Frequency of Kk genotype =2AB  
Frequency of kk genotype =B2  

Assuming the alleles are in a Hardy-Weinberg equilibrium, we may conclude:  
K = 0.79% and A2 + 2AB = 0.0079  
Because A2 + 2AB + B2 = 1, it follows that B2 = 1 - (A2 + 2AB)  
B2 = 1 - 0.0079 = 0.9921  
B = 0.996  
Because A + B = 1, it follows that A = 1 - 0.996 = 0.004  
Hence, the frequency of the K allele is 0.004 and the k allele is 0.996.  
Then, the genotype distribution in the study population is calculated:  
KK = A2 = 0.000016 Kk = 2AB = 0.008 kk = B2 = 0.992  

Rhesus Phenotypes and Haplotype Frequencies  

In the RH blood group system, there is no straightforward way to calculate haplotypes16 from phenotype data 
(table 2), because a large number of antigens and concatenated RHCE and RHD alleles (haplotypes) is involved.  

Using the counting method of Ceppellini et al.,13 allowed to determine maximum-likelihood estimates (table 3) 
in an iterative process.  


